Patients with single-ventricle physiology require staged palliation. Additional interventions may be required due to Fontan failure, formation of collaterals or pulmonary arteriovenous malformations (PAVMs). Transcatheter interventions are preferable in this setting to avoid the risks of redo-sternotomy, and cardiopulmonary bypass. We present our experience with transcatheter revision of Fontan circulation in a cyanotic adult congenital heart patient with hypoplastic left heart syndrome (HLHS). Transcatheter Fontan completion may be a feasible option in patients with favorable anatomy and hemodynamics with optimal outcomes.
vancements in surgical technique, these patients are known to develop complications such as formation of collaterals or pulmonary arteriovenous malformations (PAVMs), Fontan failure, and Fontan associated liver disease (FALD) [3] [4] [5] . Multiple transcatheter and surgical interventions may be required for treatment of these complications. Transcatheter interventions are preferable in Fontan patients to decrease the need for re-do sternotomy and cardiopulmonary bypass (CPB). We present our experience with transcatheter Fontan completion in a cyanotic adult congenital heart patient with hypoplastic left heart syndrome (HLHS).
Case Presentation
A 31-year-old woman with HLHS presented with cyanosis and decreasing exercise capacity to an adult congenital heart clinic at a tertiary medical center in the Midwest. She was referred to the congenital heart interventional team to evaluate underlying anatomy, hemodynamics, and source of cyanosis.
After HLHS was diagnosed in the early neonatal period, she underwent stage-1 palliation. At 6 months of age, she was found to have a widely patent 
Introduction
Surgical interventions in patients with single-ventricle physiology are challenging due to the need for staged palliation involving Norwood procedure followed by Glenn and Fontan surgery [1, 2] . Despite ad-Volume 5, Issue 1: [11] [12] [13] [14] [15] Gortex aorto-pulmonary shunt with narrowing of the Norwood anastomosis. She then underwent surgical revision of the Norwood anastomosis. A classic-Glenn shunt procedure was also performed connecting the superior vena cava to the right pulmonary artery. At 16 months of age, she underwent Fontan procedure with diversion of the inferior vena cava and hepatic veins to the left pulmonary artery via intra-cardiac baffle. Despite subsequent cardiac catheterizations to occlude multiple veno-venous collaterals, she remained cyanotic.
Prior to cardiac catheterization, a cardiac computed tomography (CT) scan was performed to evaluate underlying anatomy. This demonstrated the anatomy of both the classic Glenn and Fontan anastomoses ( Figure 1A ). Small PAVMs were noted in the right lower lung lobe along with left-sided veno-venous collaterals. Based on cardiac CT findings, the potential risks associated with re-do sternotomy, and CPB, a multi-disciplinary team recommended transcatheter approach for Fontan completion.
Cardiac catheterization revealed mean Glenn and Fontan pressures of 11 and 15 mmHg, respectively. The patient was also noted to have developed hepatic cirrhosis. However, hemodynamic and angiographic assessment reinforced feasibility for transcatheter Fontan completion ( Figure 1B ). An 8.5 F SL2-transseptal sheath with a 21-gauge transseptal Brockenbrough needle was advanced from the right internal jugular vein into the roof of the Fontan baffle (Figure 2A ). Once the needle was placed into the Fontan baffle, a 0.014 inch Mailman wire was advanced and then snared from the femoral vein to create a veno-venous loop. Using a V-18 control wire as a buddy wire, a 0.035 Amplatzer super-stiff wire was placed between the Glenn and Fontan anastomoses. Subsequently, a 28 mm Cheatham-Platinum (CP) covered stent pre-mounted on a 20 mm balloon-in-balloon catheter was deployed in between the two circuits ( Figure  2B) . Post-procedure angiogram demonstrated widely patent Glenn and Fontan anastomoses connected by the covered CP stent with unobstructed flow and favorable hemodynamics (Video 1; Figure 3A) . The 
Transcatheter Revision of Fontan Circulation
Fontan pressure decreased to a mean of 13 mmHg, while the Glenn pressure was noted to be similar to the pre-procedure mean of 11-12 mmHg. The patient was discharged to home the next day. A cardiac CT obtained at 6-week follow-up showed patent Glenn and Fontan anastomoses connected by the covered CP stent ( Figure 3B ).
Discussion
The prognosis of patients with single ventricle physiology palliated using the Norwood, Glenn and Fontan procedures is influenced by multiple factors such as the anatomical relationship, flow patterns, and the pressures in the Glenn and Fontan circulations. These patients are at potential risk for the development of complications including PAVMs, Fontan failure, ventricular systolic or diastolic dysfunction, protein losing enteropathy, lymphatic abnormalities, plastic bronchitis, FALD, and reduced glomerular filtration rate [3, 4] . It is speculated that the risk for developing PAVMs increases when hepatic blood flow carrying hepatic factor; a protective factor to prevent formation of PAVMs, to the lungs is interrupted [5] [6] [7] . The risk for developing veno-venous collaterals, Fon- has been previously described. In this case series of 6 patients with unidirectional Fontan and PAVMs, oxygen saturations were noted to have improved following transcatheter reconnection of the pulmonary arteries. The transcatheter approach was noted to be less invasive with decreased morbidity compared to surgical pulmonary artery reconnection or brachial arteriovenous fistula placement [12] .
The unique condition of developing PAVMs in the right lung and veno-venous collaterals in left lung in our patient may be explained by the absence of hepatic flow into the right lung and exposure of the left lung to higher Fontan pressures [6] . The liver cirrhosis may also be attributed to high pressures in the Fontan circuit. Anticipating the potential benefits of connecting both the Glenn and Fontan anastomoses to achieve even distribution of blood into the lungs, transcatheter approach for Fontan completion was selected as an alternative approach to surgical intervention.
Transcatheter Fontan completion was performed without preconditioning in this patient due to functional decline associated with chronic cyanosis, to avoid re-do sternotomy and CPB and multi-organ complications associated with Fontan failure and tan failure, and FALD is increased in patients with elevated Fontan pressures, which are known to increase further with activity [8] . As a result these patients may require multiple surgical or transcatheter interventions to address these late-onset complications. Surgical interventions are not without risk for these patients given the inherent need for re-do sternotomy, and CPB. As such, transcatheter interventions provide a safer alternative for these patients.
The proof of concept for transcatheter Fontan completion was first demonstrated using specially developed occluding stents in an ovine model [9] . Safety and feasibility in human subjects was then demonstrated in 16 patients with single ventricle physiology with successful transcatheter Fontan completion in 2007 [10] . The technique of transcatheter Fontan completion has been described in which patients underwent a planned modified cavopulmonary anastomosis followed by transcatheter Fontan completion [11] . The technique has not been widely accepted. Patients with traditional Glenn and unidirectional Fontan palliation with PAVMs have benefitted after reconnection of the pulmonary arteries. The feasibility of transcatheter reconnection of the pulmonary arteries in cyanotic patients with PAVMs 
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